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Prospectively, 637 patients with blunt or penetrating 
trauma to the lower chest or abdomen had quantitative 
peritoneal lavage red blood cell (RBC) and white blood 
cell (WBC) counts as part of their initial diagnostic 
evaluation. Statistically, the lavage RBC count (error 
rate: 6.8%) was a superior test to the lavage WBC count 
(error rate: 9.7%,) (chi sq=9.2564, p=0.0024). See 
Appendix. 
When the lavage RBC and WBC tests agreed, the 
predictive value was high: 94% (46/49) when both were 
positive and 95% (521/549) when both were negative. 
When the lavage RBC test was positive and the lavage 
WBC test was negative, 96% (23/24) of patients had intra-
abdominal injury. When the lavage WBC test was posi-
tive and the lavage RBC test was negative, 60% (9/75) had 
intraabdominal injury. Six of these patients had injuries 
only to a hollow viscus (small bowel, 5; colon, 1). 
Both lavage RBC and WBC tests were useful in this series. 
When they agreed, each was a good corroborative test. 
Wben they did not agree, the lavage RBC test was 
superior when it was positive. 
Laparotomy should be considered for the trauma patient 
whose lavage WBC test is positive. 
Peri toneal lavage generally is considered a useful diag-
nostic technique to evaluate the trauma patient. Whi le 
optimal criteria for a positive or negative lavage continue 
to be controversial, most series emphasize the value of 
the lavage RBC test, whether determined qualitatively, 
colormetrically, or quantitatively. 
In 1967, Root, Keizer, and Perry (1,2) reported that an 
elevated lavage WBC count three hours after injury 
could correctly identify small bowel injury when hemor-
rhage was minimal and that hemoperi toneum without 
gastrointestinal injury also could induce an evaluated 
lavage WBC count. However, the value of the lavage 
WBC count remains controversial (3-11). 
The fo l lowing report reviews the significance of the 
peritoneal lavage WBC test and compares it to the lavage 
RBC test as part of the initial diagnostic evaluation of 
patients sustaining blunt or penetrating trauma to the 
lower chest and/or abdomen. 
(12). Of 709 patients studied, 63 had a positive lavage on 
the basis of aspiration of greater than 20 ccs of gross 
b lood. The peritoneal lavage of six other patients was 
classified as positive on the basis of lavage RBC counts 
and amylase, ie, the lavage WBC count was missing. 
Thus, 640 patients, 338 with blunt trauma and 302 with 
penetrating trauma, were evaluated by the lavage WBC 
test. With in the latter group, 15 patients had shotgun 
wounds, 106 had gunshot wounds, and 181 had stab 
wounds. O f t h e 640 patients, 637 were evaluated both by 
RBC and WBC counts, so that a direct comparison of 
their usefulness was possible. 
A positive lavage consisted of any one of the fo l lowing 
criteria: >100,000 RBC/ml,>500 WBC/ml , or an amylase 
>2V2 times normal serum values in the dialyzate. A 
negative lavage was defined as one that was not positive. 
Intraabdominal injury was assessed as positive on the 
Materials and Methods 
The prospective evaluation of the use of peritoneal 
lavage bythe Division of Trauma and Emergency Surgery 
at Henry Ford Hospital has been reported previously 
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TABLE I 
Lavage Resulls and Error Rates for Entire Series 
LAVAGE GROUP N TP FP TN FN (+)ERROR RATE (-)ERROR RATE TOTAL ERROR 
ENTIRE SERIES 709 144 14 524 27 0,020(14/709) 0,038(27/709) 0,058(41/709) 
DATA MISSING 72 64 4 3 1 0,056 (4/72) 0,014 (1/72) 0,069 (5/72) 
1, Gross Blood 6 i 59 4 0,063 (4/69) 
2, RBC Missing 3 3 
3, WBC Missing 6 2 3 1 0,167 (1/6) 
RBC and WBC 637 80 10 5,2- 26 0,016 (10/637) 0,041 (26/637) 0,057 (36/637) 
LAVAGE EVALUATION 
RBC and WBC 
RBC only 
WBC only 
TABLE II 
Quanti tat ive Lavage Results for Actual Lavage Red Blood Cells 
and Whi te Blood Cells 
N TP FP TN FN (+) ERROR RATE 
637 78 10 521 28 0,016 (10/637) 
637 69 4 525 39 0,006 (4/637) 
637 55 9 520 53 0,014(9/637) 
(-) ERROR RATE 
0,044 (28/637) 
0,061 (39/637) 
0,083 (53/637) 
TOTAL ERROR RATE 
0,060 (38/637) 
0,068 (43/637) 
0,097 (62/637) 
basis of subsequent laparotomy or postmorten evalua-
t ion and as a negative if the patient required no lapa-
rotomy, or no injury was disclosed by subsequent lapa-
rotomy or postmorten examination. By these criteria, 
the results of the lavage were classified as true-positive 
(TP), false-positive (FP), true-negative (TN), or false-
negative (FN). 
The WBC count was determined by a technician using a 
hemocytometer in approximately 90% of the cases and, if 
the lavage was grossly bloody, by Coulter counter in 
approximately 10% of the cases. 
Results 
Error and error rates 
The lavage results and error rates for the entire series, for 
those patients with missing data, and for those patients 
evaluated by both the lavage RBC and WBC tests are 
displayed in Table I. Using a combinat ion of criteria for a 
positive lavage, the fact that data were missing is 
important. Because more patients with negative than with 
positive lavages were evaluated by lavage RBC and WBC 
tests, error rates of positive lavages were lower than 
those for negative lavages. Similarly, any test for error 
comparing negative with positive lavages wil l necessarily 
have restricted conclusions, because fewer positive than 
negative lavages were tested by the combination of 
lavage RBC and WBC tests. It is also apparent that 
compromises al lowing for missing data did not alter 
error rates much. 
The lavage results obtained by using the combination of 
RBC and WBC counts (Table 1) were compared to the 
actual results of the lavage RBC or WBC counts (Table II). 
The peritoneal lavage was classified as positive for one 
patient because of an elevated lavage amylase only (13) 
and for another patient because lavage f luid returned 
through a chest tube. Both patients had intraabdominal 
injuries, and the actual lavage RBC and WBC results were 
false negative. Because of these two patients, the 
numbers in Table II show two fewer TP and two more FN 
than the numbers in Table I. The total lavage error rate 
was 6.8% for RBC counts and 9.7% for WBC counts. This 
difference was statistically significant (chi sq = 9.2564; p = 
0.0024). 
Positive lavage WBC counts 
A lavage WBC count of >500/ml occurred in 10% (66/640) 
of patients; 57 of these patients had a true-positive 
TABLE III 
Lavage Results When Lavage WBC >500/ml 
RBC 
Amylase 100,000 100,000 Missing Tota 
True ^ 80 7 0 1 8 
Positive ^ 
oU J4 9 1 
44 
Missing 5 0 0 5 
False > 80 0 0 0 0 
Positive ^ 
oU 2 6 0 8 
Missing 1 0 0 1 
TOTALS 
True Positive ^ 46 9 2 57 
False Positive ^ 3 6 0 9 
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lavage, and nine had a false-positive lavage (Table III). 
When both the lavage RBC results and amylase were 
positive, the lavage WBC result was true-positive in all 
cases (7/7). For those patients whose lavage RBC count 
was>100,000/ml, a lavage WBC count of >500/ml had an 
accuracy rate of 94% (46/49). 
A key group was the 15 patients who were identif ied as 
negative by both the lavage RBC test and the lavage 
amylase. Nine (60%) of these patients were correctly 
identif ied as true-positive by lavage WBC tests, and six 
(40%) were incorrectly identif ied as false-positive. Six of 
these nine had significant injury only to a hol low viscus, 
the colon in one case and the small bowel in five. The 
other three patients had significant injuries to the liver, 
spleen, and abdominal wall (1). 
Cut-point for positive lavage WBC counts 
The error (FP + FN) and error rate (error/640 patients) 
were evaluated at various levels (cut-points) of lavage 
WBC counts for the entire group, for blunt trauma, for 
penetrating trauma, for gunshot wounds, and for stab 
wounds. In each group as the cut-point for positive 
lavage WBC results was increased, false-positive lavages 
decreased and false-negative lavages increased. 
TABLE IV 
Lavage Whi te Blood Cell Error Rates Stratified by Cut-Point 
CUT-POINT N TP FP TN FN ERROR RATE 
1000 640 4;-; 5 524 68 0,111 (73/640) 
500 640 58 9 520 53 0,097 (62/640) 
400 640 6,3 n 518 48 0,092 (59/640) 
300 640 69 14 515 42 0,088 (56/640) 
250 640 71 17 512 40 0,089 (57/640) 
200 640 80 23 506 31 0,084 (54/640) 
150 640 8.3 32 497 28 0,097 (60/640) 
100 640 91 46 483 20 0,103 (66/640) 
50 640 95 32 447 16 0,153 (98/640) 
The errors at each cut-point were tabulated for each 
group of patients. The error rates were higher at each 
extreme of the lavage WBC spectrum, with fewest errors 
occurring at 200 WBC/ml (Table IV). However, the error 
rate was high at all cut-points, and most errors were false-
negative. 
TABLE V 
Lavage WBC Cut-Point: 200 Versus 500/ml 
Category P Value 
All Cases 
Blunt Trauma 
Penetrating Trauma 
Gunshot Wounds 
Stab Wounds 
0.182 
0.617 
0,025 
0,125 
0,166 
Using this "best c u t - p o i n t " (eg, 200 WBC/m l ) , we 
analyzed each category statistically by chi square tests, 
except for small sample groups, where t-tests were used. 
A statistically significant difference (Table V) appeared in 
the error rates between cut-points 200 WBC/ml and 500 
WBC/ml only for penetrating injuries. All 15 patients 
wi th shotgun wounds were identif ied similarly by both 
cut-points, but that did not explain this discrepancy. This 
difference was not statistically significant either for 
gunshot wounds or for stab wounds because the fre-
quency was low in each group. However, in each group, 
the pattern consistently favored 200 WBC/ml over 500 
WBC/ml . This suggests that 200 WBC/ml may be better 
than 500 WBC/ml in evaluating cases of penetrating 
trauma, although more cases would be necessary to 
demonstrate this statistically. 
Lavage Results: 
ERROR DISTRIBUTION 
7 5 % ( 3 / 4 ) 
5 0 0 
WBC 
2 0 0 
- 4 0 % ( 6 / 1 5 ) -
11%(1 /9 ) 
3 , 1 % 
( 1 6 / 5 0 5 ) 
3 8 % ( 3 / 8 ) 
2 0 % ( 1 / 5 ) 
2 7 % ( 4 / 1 5 ) 
J _ 
0 % ( 0 / 3 ) 
67%(4/6) 
_1_ 
2 2 % ( 2 / 9 ) 
6 , 1 % ( 3 / 4 9 ) 
0% 
( 0 / 1 6 ) 
- 4 . 2 % ( 1 / 2 4 ) 
12% 
( 1 / 8 ) 
2 0 , 0 0 0 5 0 , 0 0 0 1 0 0 , 0 0 0 
RBC 
% error (error/N) = 6.0%(38/637) 
Fig. 1 
Error d is t r ibut ion of lavage results p lo t ted against red b lood cell 
counts and whi te b lood cell counts. 
Figure 1 illustrates the error rates and distribution of 
lavage results for the 637 patients who had both lavage 
RBC and lavage WBC tests. The lowest error rates 
occurred when the lavage RBC and lavage WBC counts 
were high or low. 
Discussion 
In our experience, as in most large series that evaluate 
peritoneal lavage in the trauma patient, a combination of 
criteria is used, any one of which can identify the lavage 
as positive. The implicit corollary is that the combination 
of criteria is superior to any single cr i ter ion. Thus, while 
the lavage RBC and WBC results had an error rate 
comparable to the combination of criteria in this series, a 
f i rm conclusion must be tempered by the data bias, ie, 
more positive than negative lavages had data missing, 
and the majority of all lavages were negative. 
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The lavage RBC test was better than the lavage WBC test, 
and altering the cut-point for a positive lavage WBC test 
would not have made it a superior test in any of the 
trauma categories considered. Also, either the lavage 
RBC test or the lavage WBC test gave a lower positive 
error rate and a higher negative error rate than the 
combination of both lavage RBC and lavage WBC tests. 
The lavage WBC count was a good corroborative test 
when it agreed wi th the lavage RBC count, eg, when 
both were positive or both were negative. When they 
did not agree, a positive lavage RBC result is more 
reliable than the negative lavage WBC result; this, 
combined with the low error rate with the lavage RBC 
test, explains why some authors do not use the lavage 
WBC count. In our experience, however, a positive 
lavage WBC result accompanied by a negative lavage 
RBC result was useful in correctly identifying nine more 
patients with intraabdominal injuries. More importantly, 
six of these patients had injuries only to a hol low viscus, 
an injury generally acknowledged to be diff icult to 
detect by any cr i ter ion. In this series, 60% (9/15) of 
patients with a positive lavage WBC count (only) had 
intraabdominal injuries. 
Al though a larger experience must be accumulated 
before f i rm recommendations can be made, we believe 
that laparotomy ought to be considered strongly when 
the lavage WBC result is positive. 
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Appendix 
The superiority of the RBC vs. WBC was calculated f rom 
the fol lowing table using McNemar's test, where: 
RBC 
WBC 
Hence, the error rate for the RBC = 43/637 and for the 
WBC = 62/637. The test of significance is 
_ (29-10)2 
Incorrect Correct Total 
Incorrect 33 29 62 
Correct 10 565 575 
Total 43 594 637 
X- 9,2564, a n d p < . 0 0 3 . 
29 + 10 
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